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COLOR IMAGE FORMING APPARATUS
WHICH EXECUTES COLOR
MISREGISTRATION CORRECTION
PROCESSING

CROSS REFERENCE TO RELATED
APPLICATION

The present application 1s based on Japanese Patent Appli-
cation No. 2006-115734 filed with the Japan Patent Office on

Apr. 19, 2006, the entire content of which 1s hereby incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to color image forming appa-
ratuses that are suitable for application to a color printer, a
color copying machine, or a multi functional product that has
a photoreceptor drum and an intermediate image transier belt,
and carries out color misregistration correction processing by
selecting either a color registration complex correction mode
or a color registration single correction mode, or to color
mult1 functional products of these types.

2. Description of Related Art

In recent years, tandem type color printers or color copying,
machines, or color multi functional products are being used
very Irequently. According to these types of color image
forming apparatuses, 1n order to maintain at an optimum level
the print quality (color reproducibility) of color images, the
colors yellow (Y), magenta (M), cyan (C), and black (BK)
that reproduce the colors R, GG, and BK of the original docu-
ment 1mage are transierred onto an intermediate 1image trans-
fer belt in a superimposing manner. In order to superimpose
cach ofthe colors Y, M, C, and BK with good reproducibility,
it has become necessary to carry out actively color misregis-
tration correction in an image forming unit (heremafter
referred to as a color misregistration correction mode).

Regarding the color misregistration correction mode, a
color misregistration detection mark (hereinatter referred to
as a register mark) for position detection formed on the inter-
mediate 1mage transier belt or conveying member transier
belt 1s detected by a detection member (hereinafter referred to
as a register sensor) for detecting color misregistration such
as a retlection type sensor, etc., an amount of color misregis-
tration of register marks of other colors with respect to a
register mark of a reference color, fed back to different image
forming units of the colors Y, M, and C so as to eliminate this
amount of color misregistration, and good quality color
images are obtained by correcting a laser writing timing.

Regarding these types of color copying machines, a color
image forming apparatus has been disclosed 1n Patent Docu-
ment 1. According to this color image forming apparatus,
when a position deviation detection pattern 1s detected and
color misregistration correction processing 1s executed based
on a result of this detection, a pattern for density detection 1s
formed 1n a non-1mage area, the pattern for density detection
1s detected, and a condition for creating an 1mage for a posi-
tion displacement detection pattern during color misregistra-
tion correction processing. When this type of color image
recording apparatus 1s configured, 1t 1s possible to carry out
color misregistration correction processing using the position
displacement detection pattern whose density has been
adjusted.

Patent Document 1: Unexamined Japanese Patent Appli-
cation Publication No. 2005-91901 (Page 7, FIG. 9).
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2

However, the following problems are present in color
image forming apparatuses according to conventional
examples as those seen 1n Patent Document 1.

(1). When carrying out color misregistration correction pro-
cessing, a pattern for density detection 1s formed 1n the non-
image area and the conditions for writing the position devia-
tion detection pattern (a register mark) are determined by
detecting this pattern for density detection. Therefore, even 1f
it 1s possible to form a density adjusted register mark, i1t will
be necessary to carry out again color misregistration correc-
tion at various 1image forming conditions at regular intervals
due to an expansion or contraction of a writing unit, or the
expansion or contraction of various types of drive rollers due
to temperature conditions inside the apparatus.

(11). In color misregistration correction operation, conven-
tionally, when a timing of that color registration operation has
come, 1rrespective of whether a paper size 1s small or large,
cither a job under printing operation 1s interrupted, or the
color misregistration correction operation 1s made at the time
of starting the print operation, and thereafter, again, the print-
ing operation 1s started, and hence time was necessary only
for carrying out the color misregistration correction opera-
tion. In particular, there was the problem that the color mis-
registration correction time became long 1n office applica-
tions, and the productivity of color copiers decreased.

(111). However, when an apparatus 1s attempted to be con-
figured 1n which the register mark 1s written 1n the non-image
area outside the effective image area and the color misregis-
tration correction processing 1s done continuously during the
printing operation, 1t will be necessary to prepare a photore-
ceptor drum or an intermediate 1image transfer belt that 1s
wider than the maximum size of the recording transier sheets
handled by that apparatus. Because of this, there was the
problem that size reduction of the color copying machine was
impeded and the cost went up by a large amount.

In view of this, the present invention 1s one that solves the
above problems, and the purpose of the present invention 1s to
provide a color image forming apparatus that not only short-
ens the color misregistration correction time on the whole
compared to the color misregistration correction mode of the
conventional method, but also increases the productivity of
that apparatus.

SUMMARY OF THE INVENTION

A color image forming apparatus reflecting one aspect of
the present invention for solving the above problems 1s, a
tandem type color image forming apparatus which executes
color misregistration correction processing by detecting an
imprint image for color misregistration correction, the color
image forming apparatus icluding:

an 1mage forming section;

a detecting section which detects a width of a transfer sheet
fed to the image forming section and outputs the transier sheet
width information; and

a control section which controls the image forming section
based on the transfer sheet width information output by the
detecting section,

wherein the image forming section has an image carrier, on
which an 1image area 1n which formed 1s an 1mage for transier
to the transier sheet and a non-image area 1n which formed 1s
the imprint 1mage for color misregistration correction are
arranged side by side along a main scanning direction, and a
scanning exposure width in the main scanning direction 1s
greater than a maximum width of the transfer sheet,

wherein the control section selects either one of a color
misregistration complex correction mode or a color misreg-



US 7,778,579 B2

3

istration single correction mode based on the transfer sheet
width information, and executes the color misregistration
correction processing,

where, the color misregistration complex correction mode
1s an operation mode of executing 1n parallel a processing of
forming the 1mage for transfer in the 1image area and a pro-
cessing of forming the imprint 1mage in the non-image area,
and

the color misregistration single correction mode 1s an
operation of suspending the processing of forming the image
for transier in the 1mage area, and executing only the process-
ing of forming the imprint image in the non-1image area or 1n
the 1mage area.

A color image forming apparatus retlecting another aspect
of the present mvention has the feature that, in the above
apparatus, the control section compares a width of the 1mage
area and a width of the transfer sheet, and selects the color
misregistration complex correction mode when the width of
the transfer sheet 1s not greater than the width of the image
area, and selects the color misregistration single correction
mode when the width of the transier sheet 1s greater than the
width of the image area.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following descrip-
tion thereof taken i1n conjunction with the accompanying
drawings 1n which:

FIG. 1 1s a schematic diagram showing an example of a
configuration of a color copying machine according to a
preferred embodiment of the present invention;

FIG. 2(A) to FIG. 2(C) are side view and front view dia-
grams showing an example of a configuration of a photore-
ceptor drum;

FI1G. 3 15 a perspective view diagram showing an example
of detecting a register mark by two register sensors;

FI1G. 4 1s a top view diagram showing an example of feed-
ing a sheet P on an intermediate image transier belt;

FIG. 5 1s a schematic diagram showing an example of
forming the register mark during color misregistration single
correction mode;

FIG. 6 1s a block diagram showing an example of the
configuration of an 1mage transier system and an image form-
ing system of the color copying machine;

FIG. 7 1s a schematic diagram showing an example of a
configuration of a writing unit and a skew adjustment section
tor the color yellow;

FIG. 8 1s a block diagram supplementing an example of a
configuration of a control system of the color copying
machine;

FIG. 9 1s a diagram showing an example of a relationship
between a register mark and a register sensor for color mis-
registration correction;

FIG. 10(A) to FIG. 10(H) are diagrams showing examples
of binarizing an 1mage detection signal 1n a register sensor;
and

FIG. 11 1s a flow chart showing an example of a correction
operation ol the color copying machine as a preferred
embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the following, a color image forming apparatus accord-
ing to a preferred embodiment of the present invention 1s
explained referring to the drawings.
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4

FIG. 1 1s a schematic diagram showing an example of a
configuration of a color copying machine 100 according to a
preferred embodiment of the present mvention. The color
copying machine 100 shown in FIG. 1 constitutes an example
of a tandem type color image forming apparatus, and forms
color images by superimposing colors on an image carrier
based on 1image information. The color copying machine 100
executes color misregistration correction processing accord-
ing to the need.

At the time of executing this color misregistration correc-
tion processing, this copying machine 100 selects either one
ol a color misregistration complex correction mode (job-
continuing register correction mode) or a color misregistra-
tion single correction mode (job-stopping register correction
mode) based on a transfer sheet width information and
executes the color misregistration correction processing.
Here, the color misregistration complex correction mode 1s
the operation of executing 1n parallel the processing of writ-
ing the image 1n an 1mage area of the image carrier and the
processing of writing an imprint image 1n 1ts non-image area.
The color misregistration single correction mode 1s the opera-
tion of suspending the processing of writing an image 1n the
image area and executing only the processing of writing the
imprint 1mage 1n the non-image area or 1n the 1mage area.

In both the above mode and the color misregistration single
correction mode, the operation 1s carried out of, after carrying
out the processing of writing the imprint 1mage, reading out
the timing of passing of that imprint image, calculating the
displacements 1n the positions of the imprint images of other
colors with respect to the imprint image of the reference color,
and correcting the 1mage forming position based on these
amounts of position displacements (color misregistration cor-
rection processing). These correction modes are executed
alter switching between them depending on the size of the
transier sheet P.

The color copying machine 100 1s made of a copying
machine main unit 101 and an image reading unit 102. The
image reading unit 102 having an automatic document feeder
unit 201 and an original document image scanming and expos-
ing unit 202 1s placed on top of the copying machine main unit
101. An original document d placed on a document table of
the automatic document feeder umit 201 1s conveyed by a
conveying section not shown 1n the figure, an 1image on one
side or both sides of the document d 1s exposed 1n a scanning,
manner by an optical system of the document 1mage scanning
and exposing unit 202, and the incident light reflecting the
document 1mage 1s read out by a line image sensor CCD.

An analog image signal that 1s obtained by photoelectric
conversion by the line image sensor CCD 1s, 1n an image
processing section not shown in the figure, subjected to the
processings of analog signal processing, analog to digital
conversion, shading correction, and image compression, and
becomes digital image mformation. This image information
1s sent to an 1mage forming section. The 1mage forming sec-
tion 1s provided with a plurality of sets of image forming units
(hereinafter referred to as 1mage forming systems II) 10Y,
10M, 10C, and 10K having a photoreceptor for each color, an
endless shaped intermediate 1image transier belt 6 (hereinatter
referred to as 1mage transier system I), a sheet feeding and
conveying section that includes and automatic sheet feeding
mechanism (ADU mechanism), and a fixing unit 17 for fixing
a toner 1mage.

In this example, the image forming unit 10Y has a photo-
receptor drum 1Y (1mage forming member), a charging unit
2Y, a writing unit 3Y, a developing unit 4Y, and a cleaning
section 8Y for the image forming member, and forms 1mages
of yellow (Y) color.




US 7,778,579 B2

S

The photoreceptor drum 1Y constitutes an example of an
image carrier, and 1s placed, for example, at a close proximity
to and above the right side of the intermediate 1mage transier
belt 6 so that it 1s free to rotate, and a color Y toner image 1s
formed on it. In this example, the photoreceptor drum 1Y 1s
rotated in the counter-clockwise direction by a drive mecha-
nism not shown in the figure. To the diagonally lower right
side of the photoreceptor drum 1Y 1s placed the charging unit
2Y which charges the surface of the photoreceptor drum 1Y
to a prescribed voltage.

The writing unit 3Y having a laser light source 1s provided
almost by the side of and directly facing the photoreceptor
drum 1Y, and scans the previously charged photoreceptor
drum 1Y with a laser light beam for the color Y having a
prescribed intensity based on 1image data for the color Y. This
laser light beam 1s deflected and scanned, for example, by
rotating a polygon mirror for the colorY, which 1s the writing
of the Y color image data 1n the main scanming direction. The
main scanning direction 1s the direction parallel to the axis of
rotation of the photoreceptor drum 1Y. The photoreceptor
drum 1Y rotates in the sub scanning direction. The sub scan-
ning direction 1s a direction at right angles to the axis of
rotation of the photoreceptor drum 1Y. An electrostatic latent
image for the colorY 1s formed onthe photoreceptor drum 1Y
because of this photoreceptor drum 1Y rotating in the sub
scanning direction and also the deflection and scanning of the
laser light beam 1n the main scanning direction.

The developing unit 4Y 1s provided above the writing unit
3Y, and operates so as to develop the electrostatic latent image
for the color Y formed on the photoreceptor drum 1Y. The
developing unit 4Y has a developing roller for the color Y
which 1s not shown 1n the figure. The toner and carrier for the
colorY are stored in the developing unit 4Y. The developing
roller for the color Y has a magnet placed inside it, and rotates
and conveys a two-component developer obtained by stirring
the carrier and the colorY toner mside the developing unit 4Y
to the opposing part of the photoreceptor drum 1Y, and the
clectrostatic latent 1image 1s developed by the color Y toner.
This color Y toner image formed on the photoreceptor drum
1Y 1s transferred to the intermediate image transier belt 6 by
operating a primary transier roller 7Y (primary transfer). To
the lower left side of the photoreceptor drum 1Y i1s provided
the cleaning section 8Y which removes the toner that 1s
remaining on the photoreceptor drum 1Y from the previous
writing operation (cleaning).

In this example, the image forming unit 10M is provided on
the lower side of the image forming unit 10Y. The image
forming unit 10M has a photoreceptor drum 1M, a charging
unit 2M, a writing unit 3M, a developing unit 4M, and a
cleaning section 8M for the image forming member, and
forms 1mages of magenta (M) color.

The photoreceptor drum 1M constitutes an example of an
image carrier, and 1s placed, for example, on the lower side of
the above photoreceptor drum 1Y, at a close proximity to and
above the right side of the intermediate 1image transfer belt 6
so that 1t 1s free to rotate, and a color M toner image 1s formed
on 1t. In this example, the photoreceptor drum 1M 1s rotated 1n
the counter-clockwise direction by a drive mechanmism not
shown 1n the figure. To the diagonally lower right side of the
photoreceptor drum 1M 1s placed the charging unit 2M which
charges the surface of the photoreceptor drum 1M to a pre-
scribed voltage.

The writing unit 3M 1s provided almost by the side of and
directly facing the photoreceptor drum 1M, and scans the
previously charged photoreceptor drum 1M with a laser light
beam for the color M having a prescribed intensity based on
the 1mage data for the color M. This laser light beam 1s

10

15

20

25

30

35

40

45

50

55

60

65

6

deflected and scanned, for example, by rotating a polygon
mirror for the color M, which 1s the writing of the M color
image data 1n the main scanming direction. The photoreceptor
drum 1M rotates 1n the sub scanning direction. An electro-
static latent image for the color M 1s formed on the photore-
ceptor drum 1M because of this photoreceptor drum 1M
rotating in the sub scanming direction and also the deflection
and scanming of the laser light beam in the main scanning
direction.

The developing unit 4M 1s provided above the writing unit
3M, and operates so as to develop the electrostatic latent
image for the color M formed on the photoreceptor drum 1M.
The developing unit 4M has a developing roller for the color
M which 1s not shown 1n the figure. The toner and carrier for
the color M are stored 1n the developing unit 4M. The devel-
oping roller for the color M has a magnet placed inside 1t, and
rotates and conveys a two-component developer obtained by
stirring the carrier and the color M toner inside the developing
unit 4M to the opposing part of the photoreceptor drum 1M,
and the electrostatic latent image 1s developed by the color M
toner. This color M toner image formed on the photoreceptor
drum 1M 1s transferred to the intermediate image transier belt
6 by operating a primary transfer roller 7M (primary transier).
To the lower letft side of the photoreceptor drum 1M 1s pro-
vided the cleaning section 8M which cleans the toner that 1s
remaining on the photoreceptor drum 1M from the previous
writing operation.

In this example, the image forming unit 10C 1s provided on
the lower side of the image forming unit 10M. The 1image
forming unit 10C has a photoreceptor drum 1C, a charging
unit 2C, a writing unit 3C, a developing unit 4C, and a clean-
ing section 8C for the image forming member, and forms
images ol cyan (C) color.

The photoreceptor drum 1C constitutes an example of an
image carrier, and 1s placed, for example, on the lower side of
the above photoreceptor drum 1M, at a close proximity to and
above the right side of the intermediate image transier belt 6
so that 1t 1s free to rotate, and a color C toner image 1s formed
on 1t. In this example, the photoreceptor drum 1C 1s rotated 1n
the counter-clockwise direction by a drive mechanism not
shown 1n the figure. To the diagonally lower right side of the
photoreceptor drum 1C 1s placed the charging unmit 2C which
charges the surface of the photoreceptor drum 1C to a pre-
scribed voltage.

The writing unit 3C 1s provided almost by the side of and
directly facing the photoreceptor drum 1C, and scans the
previously charged photoreceptor drum 1C with a laser light
beam for the color C having a prescribed intensity based on
image data for the color C. This laser light beam 1s detlected
and scanned, for example, by rotating a polygon mirror for the
color C, which i1s the writing of the C color 1image data 1n the
main scanning direction. The photoreceptor drum 1C rotates
in the sub scanning direction. An electrostatic latent image for
the color C 1s formed on the photoreceptor drum 1C because
of this photoreceptor drum 1C rotating in the sub scanning
direction and also the deflection and scanning of the laser
light beam 1n the main scanning direction.

The developing unit 4C 1s provided above the writing unit
3C, and operates so as to develop the electrostatic latent
image for the color C formed on the photoreceptor drum 1C.
The developing unit 4C has a developing roller for the color C
which 1s not shown 1n the figure. The toner and carrier for the
color C are stored in the developing unit 4C. The developing
roller for the color C has a magnet placed inside it, and rotates
and conveys a two-component developer obtained by stirring
the carrier and the color C toner 1nside the developing unit 4C
to the opposing part of the photoreceptor drum 1C, and the
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clectrostatic latent 1mage 1s developed by the color C toner.
This color C toner 1mage formed on the photoreceptor drum
1C 1s transferred to the intermediate 1image transier belt 6 by
operating a primary transier roller 7C (primary transfer). To
the lower lett side of the photoreceptor drum 1C 1s provided
the cleaning section 8C which cleans the toner that 1s remain-
ing on the photoreceptor drum 1C from the previous writing
operation.

In this example, the image forming unit 10K 1s provided on
the lower side of the image forming unit 10C. The image
forming unit 10K has a photoreceptor drum 1K, a charging
unit 2K, a writing unit 3K, a developing unit 4K, and a
cleaning section 8K for the image forming member, and
forms 1mages of black (BK) color.

The photoreceptor drum 1K constitutes an example of an
image carrier, and 1s placed, for example, on the lower side of
the above photoreceptor drum 1C, at a close proximity to and
above the nght side of the intermediate image transier belt 6
so that 1t 15 free to rotate, and a color BK toner image 1s formed
on 1t. In this example, the photoreceptor drum 1K 1s rotated 1in
the counter-clockwise direction by a drive mechanism not
shown 1n the figure. To the diagonally lower right side of the
photoreceptor drum 1K 1s placed the charging umit 2K which
charges the surface of the photoreceptor drum 1K to a pre-
scribed voltage. Scorotron charging electrodes are used in the
above charging units 2Y, 2M, 2C, and 2K, and a DC voltage
of a few hundred volts 1s applied to them.

The writing unit 3K 1s provided almost by the side of and
directly facing the photoreceptor drum 1K, and scans the
previously charged photoreceptor drum 1K with a laser light
beam for the color BK having a prescribed intensity based on
the 1mage data for the color BK. This laser light beam 1s
deflected and scanned, for example, by rotating a polygon
mirror for the color BK, which 1s the writing of the BK color
image data 1n the main scanning direction. The photoreceptor
drum 1K rotates in the sub scanming direction. An electro-
static latent 1mage for the color BK 1s formed on the photo-
receptor drum 1K because of this photoreceptor drum 1K
rotating 1n the sub scanning direction and also the detlection
and scanning of the laser light beam 1n the main scanning
direction.

The developing unit 4K 1s provided above the writing unit
3K, and operates so as to develop the electrostatic latent
image for the color BK formed on the photoreceptor drum
1K. The developing unit 4K has a developing roller for the
color BK which 1s not shown in the figure. The toner and
carrier for the color BK are stored 1n the developing unit 4K.
The developing roller for the color BK has a magnet placed
inside it, and rotates and conveys a two-component developer
obtained by stirring the carrier and the color BK toner inside
the developing unit 4K to the opposing part of the photore-
ceptor drum 1K, and the electrostatic latent image 1s devel-
oped by the color BK toner. This color BK toner image
formed on the photoreceptor drum 1K 1is transierred to the
intermediate 1mage transier belt 6 by operating a primary
transier roller 7K (primary transier).

To the lower left side of the photoreceptor drum 1K 1s
provided the cleaning section 8K which cleans the toner that
1s remaining on the photoreceptor drum 1K from the previous
writing operation. A primary transfer bias voltage with a
polarity opposite to that of the toner used (positive polarity in
the present preferred embodiment) 1s applied to the above
primary transier rollers 7Y, 7TM, 7C, and 7K.

The intermediate 1mage transfer belt 6 constitutes an
example of an 1mage carrier, and forms a color toner image
(color image) by superimposing the toner images transferred
by the primary transier rollers 7Y, 7TM, 7C, and 7K. For
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example, the color image formed on the intermediate 1mage
transter belt 6 1s conveyed towards a secondary transier roller
7A by the mtermediate image transfer belt 6 rotating 1n the
clockwise direction. The secondary transier roller 7A 1s posi-
tioned below the intermediate image transier belt 6, and trans-
ters together the color toner image formed on the intermedi-
ate 1image transier belt 6 to the sheet P conveyed from a sheet
feeding section 20 (secondary transier).

The sheet feeding section 20, for example, 1s provided
below the above writing unit 3K and 1s configured to have
sheet feeding trays 20A, 20B, and 20C. The transfer sheets P
stored 1n the sheet feeding trays 20A, 208, and 20C are fed by
discharge rollers 21 and sheet feeding rollers 22 A provided 1n
cach of the sheet feeding trays 20A, 20B, and 20C, pass
through conveying rollers 22B, 22C, and 22D, register rollers
23, and are conveyed to the secondary transter roller 7A.

The fixing unit 17 1s provided on the left side of the sec-
ondary transier roller 7A, and carries out fixing processing of
the transier sheet P onto which a color image has been trans-
terred. The fixing unit 17 has a fixing roller, a pressure roller,
and a heater. In the fixing process, by passing the transfer
sheet P between the fixing roller that i1s heated by the heater
and the pressure roller whereby that transier sheet P 1s sub-
jected to heat and pressure. The transter sheet P after fixing 1s
gripped by discharge roller 24 and 1s placed on discharge tray
235 outside the apparatus.

In this example, a cleaning section 8A 1s provided on the
upper lelt side of the intermediate 1mage transter belt 6, and
carries out the cleaning operation ol removing the toner
remaining on the mmtermediate 1mage transfer belt 6 after
transier. The cleaning section 8A has a discharging section
that discharges the electric charge on the intermediate image
transier belt 6 and a pad that removes the toner remaining on
the intermediate 1mage transfer belt 6. The surface of the
intermediate 1image transier belt 6 1s cleaned by this cleaning
section 8A, and the intermediate 1mage transier belt 6 after
discharging by the discharging section enters the next image
forming cycle. Because of this, 1t 1s possible to form a color
image on transfer sheet P.

On the upstream side of the cleaning section 8A of this
copying machine main unit 101 are provided register sensors
12A and 12B (not shown 1n the figure) in a region 1n which it
1s possible to view the different edge parts of the top surface
ol the mtermediate 1image transier belt 6, detect the register
marks CR of each of the colors Y, M, C, and BK for color
misregistration correction formed on the two end sections of
the intermediate 1mage transfer belt 6 by the above 1mage
forming units 10Y, 10M, 10C, and 10K, and the image detec-
tion signals are generated. Based on these image detection
signals, 1t 1s possible to execute the color misregistration
complex correction mode and the color misregistration single
correction mode.

In this example, immediately before the conveying rollers
22C and 22D 1s provided a transfer sheet width sensor 11
which 1s an example of a detection member, whereby the
width of the transfer sheet P 1s detected, and a transfer sheet
width signal S11 1s output. The conveying rollers 22C and
22D are the part where the sheet feed conveying path from the
manual feed tray 28 and the sheet feed conveying path from
the sheet feeding section 20 meet. By placing the transier
sheet width sensor 11 at this position, 1t 1s possible to detect
the width of a wide transter sheet P' fed from the manual feed
tray 28 as well as the width of a wide transfer sheet P' setin the

sheet feeding tray 20A, 20B and 20C.

FIG. 2(A) to FIG. 2(C) are the side view and front view
diagrams showing an example of the configuration of a pho-
toreceptor drum 1Y. The photoreceptor drum 1Y shown in
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FIG. 2(A) 1s provided 1n the image forming unit 10Y, has a
radius r, and the length of 1ts periphery La 1s equal to 2.p1.r.
The other photoreceptor drums 1M to 1K are also configured
in a similar manner. Organic photoconductor (OPC) drums
are used for the photoreceptor drums 1Y, 1M, 1C, and 1K.

The photoreceptor drum 1Y shown 1n FIG. 2(B) has an
exposable width of W0. The exposable width W0 constitutes
the width of the maximum 1mage forming area along the main
scanning direction. The exposable width W0 1s almost equal
to the laser scanning width of the writing unit 3Y, and, for
example, the maximum 1mage forming area 1s divided into an
image area with a width of W1 (efiective image area) and two
non-image areas of widths W21 and W2r. The photoreceptor
drum 1Y has a rotating shait 81. When the main scanning
direction 1s taken to be parallel to this rotating shait 81, in the
photoreceptor drum 1Y, at the left edge part of the image area
of width W1 1s provided the non-image area of width W21
and at the right edge part of the image area of width W1 1s
provided the non-image area of width W2, and the image
area of width W1 and the non-image areas of widths W21 and
W2r are provided in parallel along the main scanning direc-
tion.

The image for transierring on to the transfer sheet P 1s
formed 1n the 1image area of width W1. In the non-1mage areas
of widths W21 and W2r, which are outside this image area of
width W1, 1s formed the register mark CR of the color Y
which 1s an example of an imprint image for color misregis-
tration correction. The sub scanming direction 1s a direction at
right angles to the rotating shaft 81 of the photoreceptor drum
1Y.

The exposable width W0 1s given by the sum of the widths
of the image area and the non-image areas (W1+W21+W2r),
and 1n this example, the exposable width W0 has been set to
be wider than the maximum width Wmax of the transfer sheet
P shown 1n FIG. 2(C). An electrostatic latent 1image of the
color Y 1s formed on the photoreceptor drum 1Y because of
the rotation of the photoreceptor drum 1Y 1n the sub scanning,
direction and the deflection and scanning of the laser beam 1n
the main scanning direction. The other photoreceptor drums
1M to 1K are also configured 1n a similar manner.

For example, 1n the photoreceptor drum 1M are provided
an image area of width W1 and the non-image areas of widths
W21 and W2r along the main scanning direction, and also,
the exposable width W0 along the main scanning direction
has been set to be larger than the maximum width Wmax of
the transier sheet P. In the photoreceptor drum 1C are pro-
vided an 1image area of width W1 and the non-image areas of
widths W21 and W2r along the main scanning direction, and
also, the exposable width W0 along the main scanming direc-
tion has been set to be larger than the maximum width Wmax
of the transier sheet P. In the photoreceptor drum 1K are
provided an image area of width W1 and the non-1mage areas
of widths W21 and W2r along the main scanning direction,
and also, the exposable width W0 along the main scanning
direction has been set to be larger than the maximum width
Wmax of the transter sheet P. Because of this, 1t 1s possible to
execute the color misregistration complex correction mode
and the color misregistration single correction mode.

FI1G. 3 15 a perspective view diagram showing an example
of detecting the register mark CR by two register sensors 12A
and 12B. The register sensors 12A and 12B shown 1n FIG. 3
are placed in an area where the top surface of the intermediate
image transier belt 6 can be viewed and above the two end
sections of the intermediate 1mage transfer belt 6, and detect
the register marks CR formed on the two sides of the inter-
mediate image transier belt 6 by the image forming units 107,
10C, 10M, and 10K, during the execution of the color mis-
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registration complex correction mode and the color misreg-
istration single correction mode. An optical type sensor or a
line 1image sensor 1s used for the register sensors 12A and
12B. The register sensors 12A and 12B are placed above the
non-image areas of widths W21 and W2r.

The intermediate image transier belt 6 shown in FI1G. 3 has,
in order to transier the toner 1mages formed by the photore-
ceptor drums 1Y to 1K to the transier sheet P not shown in the
figure, a belt width W0' that 1s almost equal to the exposable
width W0 of the photoreceptor drums 1Y to 1K. For example,
the intermediate 1mage transfer belt 6 has a belt width W'
that 1s wider than the short side of an A3 size transfer sheet P.
Similar to that i the photoreceptor drums 1Y, an 1mage area
of width W1 and the non-image areas of widths W21 and W2r
are provided along the main scanning direction, and also, the
exposable width W0 along the main scanning direction has
been set to be larger than the maximum width Wmax of the
transier sheet P.

FIG. 4 15 a top view diagram showing an example of feed-
ing the transier sheet P on an intermediate image transier belt
6. In this example, a case 1s shown of feeding (setting) an A3
s1ze transier sheet P with an intermediate image transier belt
6 having a belt width W' that 1s longer than the short side of
an A3 size transier sheet P.

In an intermediate image transier belt 6 to which an A3 size
transfer sheet P has been fed as shown in FIG. 4, when the
exposable width 1s taken as W0 (=W0"), the width of the
image area 1s taken as W1, and widths of the non-1image areas
are taken as W21 and W2r, left and right cutting margins
(ranges) are taken as Wa, left and right dirt preventing mar-
gins are taken as Wb, leit and right writing unit installment
tolerances are taken as Wd, and the width of the short side of
an A3 size transfer sheet P (the maximum width) 1s taken as
Wmax=297 mm, the exposable width W0 1s set (designed) to
be W0=324 mm according to the specification values.

The width W1 of the image area 1s set to be Wmax+(Wa+
Wb)x2. In this example, the left and right cutting margins Wa
are set to 2 mm, the left and right dirt prevention margins Wb
are also set to 2 mm, and the width of the image area W1
becomes 305 mm. The width W21 of the left end part of the
non-image area 1s set to 8 mm, and the width W2r of the right
end part of the non-image area 1s also set to 8 mm. The left and
right writing unit installation tolerances Wd are set to 1.5 mm.
Further, when carrying out main scanning correction, the line
width of the register mark CR 1s set to 48 dots (1.016 mm).

In this example, when an 1deal A3 sized transier sheet P
with a short side width of Wmax=297 mm 1s fed to the image
forming system, since cutting margin widths of Wa=2 mm
and dirt prevention margin widths Wb=2 mm have been set on
both sides of the image area of width W1, 1t 1s possible to
execute the color misregistration complex correction mode.

However, inthe case of a photoreceptor drum 1Y for which
these cutting margins Wa or dirt preventing margins Wb have
not been set, or even these cutting margins Wa and dirt pre-
vention margins Wb have been set, and a transter sheet P' of
an A3' s1ze whose short side exceeds the width Wmax 1s fed to
the 1mage forming system, it 1s not possible to execute the
color misregistration complex correction mode. For example,
when the left and right widths W21 and W2r of the non-1mage
area are not present, the width W1 of the image area+(writing
unit 1nstallation tolerance Wd)x2 becomes 308 mm. In this
condition, 1f the color misregistration complex correction
mode 1s attempted to be executed forcibly, the register marks
CR of each of the colors Y, M, C, and BK for color misregis-
tration correction will be transterred on to the two end parts of
the transier sheet P.
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In this example, when the width Wmax of the transfer sheet
P 1s wider that the width W1 of the image area, the color
misregistration complex correction mode 1s not executed, but
the color misregistration single correction mode 1s selected
and executed. This 1s because 1t 1s considered very infrequent
in an oflice apparatus to use specifications considering the
clongation of a transfer sheet P of A3 size. In the case of such
settings (specifications), the color misregistration correction
processing 1s executed after switching from the color misreg-
istration complex correction mode (job-continuing register
correction mode) to the color misregistration single correc-
tion mode (job-stopping register correction mode). When a
transier sheet P with a width smaller than the width W1 of the
image area 1s selected, the color misregistration complex
correction mode 1s selected and the color misregistration
correction processing 1s executed. In the color misregistration
complex correction mode, the amount of color misregistra-
tion 1s detected continuously during the printing operation,
and the write starting position (write timing) of the writing
unit 1s corrected.

In the color misregistration complex correction mode, the
speed deviation 1s measured with the color BK as the refer-
ence, and correction 1s made for the amount of misregistra-
tions 1n the respective ranges. For example, the register marks
CR for color misregistration correction are formed on the
intermediate 1mage transfer belt 6 via the photoreceptor
drums 1Y, 1M, 1C, and 1K, the timing of passing of these
register marks 1s read out, and the amount of displacement of
the register marks of other colors with respect to the register
mark of the reference color 1s calculated, and based on this
amount of position displacement, the position of image form-
ing 1s corrected. The position of 1image forming 1s, when a
color image 1s reproduced on the intermediate 1image transier
belt 6 based on the image data, the position at which the toner
images ol each of the colors Y, M, C, and BK are superim-
posed. This position of image forming is corrected by adjust-
ing the write starting position for the photoreceptor drums 1Y,
1M, 1C, and 1K. The timing of making the correction 1s 1n
units of one page. By carrying out the operations 1n this
manner, there 1s no possibility of the register marks CR of
cach of the colors Y, M, C, and BK for color misregistration
correction being transierred on to the two end parts of the
transier sheet P.

FIG. 5 1s a schematic diagram showing an example of
forming the register mark CR during color misregistration
single correction mode.

According to the color misregistration single correction
mode shown in FIG. 5, when a transfer sheet P' of A3' size that
1s wider than an A3 size transfer sheet i1s fed into the image
forming system, for example, aiter the formation of the Nth
image 1s completed, the job of the (N+1)th image 1s stopped.,
and the color misregistration correction processing (color
misregistration single correction mode) 1s executed.

In the color misregistration single correction mode, the job
1s stopped, the speed deviation 1s measured taking the color
BK as the reference, and correction 1s made 1n the respective
regions for the amount of misregistration. For example, the
register marks CR for color misregistration correction are
formed on the intermediate 1mage transfer belt 6 via the
photoreceptor drums 1Y, 1M, 1C, and 1K. At this time, one
pair of sawtooth shaped color BK register marks for color
misregistration correction 1s formed on the intermediate
image transier belt 6 at 1ts left and right ends with 1ts direction
of movement being the sub scanning direction, and subse-
quently, one pair of color C register marks each 1s formed at
the left and right ends, after which one pair of color M register
marks each 1s formed at the left and right ends, and then one
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pair of color Y register marks each 1s formed at the left and
right ends. Herein, “the sawtooth shaped mark™ has a first line
segment parallel to the main scanning direction and a second
line segment connected to one end of the first line segment,
the second line segment having a prescribed angle to the first
line segment. The reason for forming the register marks CR of
cach of the colors at the left and right ends with four of the
colors K, C, M, and Y as one group 1s to detect the image
forming positions of the register marks CR of each color
while suppressing the toner consumption, and to correct the
positions accurately.

Thereatter, the timing of passing of these register marks
CR 1s read out, and the amount of displacement of the register
marks CR of other colors with respect to the register mark CR
of the reference color 1s calculated, and based on this amount
of position displacement, the position of 1mage forming is
corrected. When this color misregistration correction pro-
cessing 1s completed, the job of the (N+1)th image 1is
executed. Using the width W1 of the image area, the 1mage 1s
formed on a transier sheet P' of an A3' size that 1s wider than
a transier sheet of A3 size.

FIG. 6 1s a block diagram showing an example of the
configuration of an 1mage transier system I and an 1mage
forming system II of the color copying machine 100. The
color copying machine 100 shown 1n FIG. 6 1s one 1n which
the processing system that includes the intermediate 1image
transfer belt 6 shown 1n FI1G. 1, the transter sheet width sensor
11, the register sensors 12A and 12B are extracted as the
image transier system I, and the image forming units 10Y,
10M, 10C, and 10K are extracted as the image forming sys-
tem 11.

In FIG. 6, the color copying machine 100 has the image
forming units 10Y, 10M, 10C, and 10K, the transfer sheet
width sensor 11, the register sensors 12A and 12B, a nonvola-
tile memory 14, a control section 15, an operation section 16,
a display section 18, and an image processing section 70.

The transier sheet width sensor 11 1s connected to the
control section 13 so that the width of the transter sheet P fed
to the 1mage transier system 1 1s detected and the transier
sheet width signal S1 (transfer sheet width mnformation) 1s
output to the control section 15. A line image sensor 1s used
for the transier sheet width sensor 11. Apart from the transfer
sheet width sensor 11 provided 1n the middle of the conveying
path, the detection section can also be made to detect the
width Wmax of the transier sheet P using a transfer sheet
width sensor 11 provided inside the sheet feeding tray. Any
method can be used as long as the detection section can detect
a wide transfer sheet P'.

Using the control section 135, the image forming units 10,
10M, 10C, and 10K are controlled based on the transter sheet
width data D1 which 1s analog to digital converted from the
transier sheet width signal S1 output from the transier sheet
width sensor 11. For example, one of the color misregistration
complex correction mode and the color misregistration single
correction mode 1s selected based on the transter sheet width
data D1. In this example, the control section 15 detects the
width Wmax of the transfer sheet P based on the transfer sheet
width data D1. After that, the control section 15 compares the
image arca width information with the transfer sheet width
data D1, and, 1f the width Dmax of the transfer sheet P 1s
smaller than the width W1 of the image area, 1t selects the
color misregistration complex correction mode, or selects the
color misregistration single correction mode 1f the width
Dmax of the transfer sheet P 1s larger than the width W1 of the
image area. The width information 1s the digital data obtained
by binarizing the width W1 of the image area.
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In the color misregistration complex correction mode, the
control section 15 executes 1n parallel the processing of writ-
ing the image 1n the image area of width W1 and the process-
ing of writing the register marks CR 1n the non-image areas of
width W21 and W2r. In the color misregistration single cor-
rection mode, the processing of writing the image in the
image area of width W1 1s interrupted and only the processing

of writing the register marks CR 1n the non-image areas of
width W21 and W2r 1s executed.

In this example, the control section 15 executes the color
misregistration correction processing when the fixing tem-
perature of the fixing umt 17 changes and the temperature
difference becomes A2° C., when the image forming units
10Y, 10M, 10C, and 10K have stopped for a specific period of
time, when the main power supply 1s turned ON, or when a
forcible correction instruction 1s given by the user. In this
example, the control section 15 executes the color misregis-
tration correction processing for each type including size of
the transier sheet.

The register sensors 12A and 12B are connected to the
control section 15, and during the execution of the color
misregistration complex correction mode or the color misreg-
istration single correction mode, they detect the register
marks CR formed on the two side end parts on the interme-
diate 1mage transier belt 6 and output the 1mage detection
signals S21 and S22. The leading edge detection signal com-
ponent and the trailing edge detection signal component are
included 1n the 1mage detection signals S21 and S22.

Reflecting type optical sensors or image sensors are used
tor the register sensors 12A and 12B. Light emitting devices
and light receiving devices are provided in these sensors, and
the light from the light emitting device i1s incident on the
register marks CR and the light reflected from 1t 1s detected by
the light receiving device. The control section 13 controls the
exposure timings of the writing umts 3Y, 3M, and 3C based on
the 1mage detection data Dpl and Dp2 obtained after analog,
to digital converting the 1mage detection signals S21 and S22
acquired from the register sensors 12A and 12B.

The operation section 16 1s connected to the control section
15, and the 1image formation conditions during normal print-
ing mode or the operation data D31 1nstructing a forced color
misregistration correction input by the user are input from this
operation section 16. The operations are made by the user.
Apart from the operation section 16, the display section 18 1s
connected to the control section 15, and for example, the
details of the color misregistration correction processing 1s
displayed 1n it based on the display data Dv at the time of
forcibly instructing a correction. A liquid crystal display 1s
used 1n the display section 18, and the liquid crystal display 1s
used 1n combination with a touch panel not shown in the
figure that constitutes the operation section 16.

Apart from the operation section 16, the nonvolatile
memory 14 1s connected to the control section 15. The trans-
ter sheet width data D1, the image detection data Dpl and
Dp2, the color misregistration correction data De, the display

data Dv, and the like, are stored 1n the nonvolatile memory 14.
A hard disk drive or an EEPROM 1s used for the nonvolatile

memory.

Apart from the nonvolatile memory 14, the image process-
ing section 70 1s connected to the above control section 15.
The 1image processing section 70 has an 1image processing
circuit 71, a Y-signal processing section 72Y, a M-signal
processing section 72M, a C-signal processing section 72C,
and a K-signal processing section 72K. The R, G, and B
signals related to the R, G, and B color components of the
color image read from the document, and the Y, M, C, and K
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signals related to any print that are output from an external
equipment such as a printer are input to the 1mage processing
circuit 71.

In the 1mage processing circuit 71, based on the image
processing control signal S4, the R, G, and B signals are color
converted and 1mage data Dy 1s output to the Y-signal pro-
cessing section 72Y. Further, at the time of selecting the color
misregistration complex correction mode or the color misreg-
istration single correction mode, 1image data Dy' for color
misregistration correction is output to the Y-signal processing
section 72Y based on the image processing control signal S4.
Here, the image data Dy 1s the 1image formation signal after
analog to digital conversion for the colorY related to a job 1n
the normal 1mage formation mode. The image data Dy’ 1s the
data for forming the register mark CR of the color Y.

In a similar manner, 1n the 1mage processing circuit 71,
based on the image processing control signal S4, the R, G, and
B signals are color converted and image data Dm 1s output to
the M-si1gnal processing section 72M. Further, at the time of
selecting the color misregistration complex correction mode
or the color misregistration single correction mode, 1image
data Dm' for color misregistration correction 1s output to the
M-signal processing section 72M based on the 1mage pro-
cessing control signal S4. Here, the image data Dm 1s the
image formation signal after analog to digital conversion for
the color M related to a job 1n the normal 1mage formation
mode. The image data Dm' 1s the data for forming the register

mark CR of the color M.

Further, 1n the 1image processing circuit 71, based on the
image processing control signal S4, the R, G, and B signals
are color converted and 1image data Dc 1s output to the C-sig-
nal processing section 72C. Further, at the time of selecting
the color misregistration complex correction mode or the
color misregistration single correction mode, image data Dc'
for color misregistration correction 1s output to the C-signal
processing section 72C based on the 1mage processing con-
trol signal S4. Here, the image data Dc 1s the image formation
signal after analog to digital conversion for the color C related
to a job 1n the normal 1mage formation mode. The image data
Dc'1s the data for forming the register mark CR of the color C.

Further, 1n the image processing circuit 71, based on the
image processing control signal S4, the R, G, and B signals
are color converted and 1image data Dk 1s output to the K-sig-
nal processing section 72K. Further, at the time of selecting
the color misregistration complex correction mode or the
color misregistration single correction mode, 1mage data DK’
for color misregistration correction 1s output to the K-signal
processing section 72K based on the image processing con-
trol signal S4. Here, the image data Dk 1s the image formation
signal after analog to digital conversion for the color BK
related to a job in the normal 1mage formation mode. The
image data DK' 1s the data for forming the register mark CR of
the color BK. The mmage processing control signal S4 1s
output from the control section 15 to the image processing
circuit 71.

The Y-signal processing section 72Y selects the image data
Dy and/or the image data Dy' based on a write selection signal
S5, and outputs this image data Dy and/or the image data Dy’
to the writing unit 3Y. The writing unit 3Y detects the 1rra-
diation timing of the laser beam for the color Y and outputs the
laser detection signal (hereinafter referred to as the Y-index
signal).

The M-signal processing section 72M selects the image
data Dm and/or the image data Dm' based on the write selec-
tion signal S35, and outputs this image data Dm and/or the
image data Dm' to the writing unit 3M. The writing unit 3M
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detects the irradiation timing of the laser beam for the color M
and outputs the laser detection signal (hereinatter referred to
as the M-index signal).

The C-signal processing section 72C selects the image data
Dc¢ and/or the image data Dc' based on the write selection
signal S5, and outputs this image data Dc and/or the image
data Dc' to the writing unit 3C. The writing unit 3C detects the
irradiation timing of the laser beam for the color C and out-
puts the laser detection signal (hereinatfter referred to as the
C-index signal).

The K-signal processing section 72K selects the image
data Dk and/or the image data Dk' based on the write selection
signal S5, and outputs this 1mage data Dk and/or the image
data Dk’ to the writing unit 3K. The writing unit 3K detects the
irradiation timing of the laser beam for the color K and out-
puts the laser detection signal (hereinafter referred to as the
K-index signal). The write selection signal S5 1s output from
the control section 15 to each of the Y-signal to K-signal
processing sections 72Y to 72K.

Apart from the image processing section 70, the image
forming umts 10Y, 10M, 10C, and 10K are connected to the
control section 15, and 1n the 1image forming unit 10Y, a toner
image of the color Y 1s formed on the intermediate image
transier belt 6 via the photoreceptor drum 1Y based on write
data Wy for the color Y output from the image processing
section 70. In the write data Wy are included the image data
Dy during the normal image forming mode, or the image data
Dy' for forming the register marks CR during the color mis-
registration correction mode.

In this example, when the color misregistration complex
correction mode 1s selected, the write data Wy=image data
Dy+image data Dy' 1s output to the write unit 3Y. In other
words, the image data Dy of normal image formation that has
to be written in the image area of width W1 and the image data
Dy' for color misregistration correction to be written 1n the
non-image areas of widths W21 and W2r on 1ts two sides are
synthesized 1 a serial manner 1n the Y-signal processing
section 72Y and are output to the writing unit 3Y.

Further, 1f the color misregistration single correction mode
1s selected, the write data Wy=image data Dy' 1s output to the
write unit 3Y. In other words, the 1image data Dy of normal

image formation that has to be written 1n the image area of

width W1 1s saved 1n the temporary memory area, and only
the 1mage data Dy' for color misregistration correction to be
written 1n the non-image areas of widths W21 and W2 on its
two sides 1s selected by the Y-signal processing section 72Y
and 1s output to the writing unit 3Y.

In the image forming unit 10M, a toner 1image of the color
M 1s formed on the intermediate image transier belt 6 via the
photoreceptor drum 1M based on write data Wm for the color
M output from the image processing section 70. In the write
data Wm are included the image data Dm during the normal
image forming mode, or the image data Dm' for forming the
register marks CR during the color misregistration correction
mode.

Even 1n the image forming unit 10M, when the color mis-
registration complex correction mode 1s selected, the write
data Wm=image data Dm+image data Dm' 1s output to the
write unit 3M. In other words, the image data Dm of normal

10

15

20

25

30

35

40

45

50

55

image formation that has to be written in the 1mage area of 60

width W1 and the image data Dm' for color misregistration
correction to be written 1n the non-1image areas of widths W21
and W2r on its two sides are synthesized 1n a serial manner 1n
the M-signal processing section 72M and are output to the
writing unit 3M.

Further, 1f the color misregistration single correction mode
1s selected, the write data Wm=1mage data Dm' 1s output to the

65

16

write unit 3M. In other words, the image data Dm of normal
image formation that has to be written 1n the image area of
width W1 1s saved 1n the temporary memory area, and only
the 1mage data Dm' for color misregistration correction to be
written 1n the non-image areas of widths W21 and W2 on its
two sides 1s selected by the M-signal processing section 72M
and 1s output to the writing unit 3M.

In the image forming unit 10C, a toner image of the color C
1s formed on the intermediate 1mage transier belt 6 via the
photoreceptor drum 1C based on write data Wc¢ for the color
C output from the 1image processing section 70. In the write
data Wc¢ are included the image data D¢ during the normal
image forming mode, or the 1image data Dc' for forming the
register marks CR during the color misregistration correction
mode.

Even 1n the image forming unit 10C, when the color mis-
registration complex correction mode 1s selected, the write
data Wc=1mage data Dc+image data Dc' 1s output to the write
unit 3C. In other words, the image data Dc of normal image
formation that has to be written in the image area of width W1
and the image data Dc' for color misregistration correction to
be written 1n the non-1mage areas of widths W21 and W2r on
its two sides are synthesized 1n a serial manner in the C-signal
processing section 72C and are output to the writing unit 3C.

Further, 11 the color misregistration single correction mode
1s selected, the write data Wc=1mage data Dc' 1s output to the
write unit 3C. In other words, the 1image data Dc of normal
image formation that has to be written 1n the image area of
width W1 1s saved 1n the temporary memory area, and only
the 1mage data Dc' for color misregistration correction to be
written 1n the non-image areas of widths W21 and W2 on its
two sides 1s selected by the C-signal processing section 72C
and 1s output to the writing unit 3C.

In the image forming unit 10K, a toner image of the color
BK 1s formed on the intermediate image transier belt 6 via the
photoreceptor drum 1K based on write data Wk for the color
BK output from the image processing section 70. In the write
data Wk are included the image data Dk during the normal
image forming mode, or the image data Dk' for forming the
register marks CR during the color misregistration correction
mode.

Even 1n the 1image forming unit 10K, when the color mis-
registration complex correction mode 1s selected, the write
data Wk=1mage data Dk+1mage data DKk’ 1s output to the write
unit 3K. In other words, the image data Dk of normal image
formation that has to be written in the image area of width W1
and the image data Dk' for color misregistration correction to
be written 1n the non-image areas of widths W21 and W2~ on
its two sides are synthesized in a serial manner in the BK-
signal processing section 72K and are output to the writing
unit 3K.

Further, 11 the color misregistration single correction mode
1s selected, the write data Wk=1mage data DKk’ 1s output to the
write unit 3K. In other words, the image data Dk of normal
image formation that has to be written in the image area of
width W1 1s saved 1n the temporary memory area, and only
the 1mage data DK’ for color misregistration correction to be
written 1n the non-1mage areas of widths W21 and W2 on its
two sides 1s selected by the K-signal processing section 72K
and 1s output to the writing unit 3K.

In the writing units 3Y, 3M, 3C, and 3K, control 1s carrnied
out by the control section 13 so that the register marks CR for
color misregistration correction are formed on the intermedi-
ate image transier belt 6 via the photoreceptor drums 1Y, 1M,
1C, and 1K. In this example, at the time of detecting the mark
width of the register marks CR formed on the intermediate
image transier belt 6, the control section 15 detects the instant
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ol time of detecting the leading edge and the instant of time of
detecting the trailing edge of the register marks CR on the
intermediate 1mage transfer belt 6 taking as reference the
write start signal (hereinatter referred to as the VTOP signal)
that permaits the starting of writing the register mark CR to the
photoreceptor drums 1Y, 1M, 1C, or 1K, and calculates the
color misregistration correction data De based on the instant
of time of detecting the leading edge and the instant of time of
detecting the trailing edge of the register marks CR.

In this example, a correction section 5Y has been mounted
to the writing unit 3Y for the color Y, and this adjusts the
inclination of the horizontal position of that writing unit 3Y
based on a unit position correction signal Sy from the control
section 15. In a similar manner, a correction section SM has
been mounted to the writing unit 3M for the color M, and this
adjusts the inclination of the horizontal position of that writ-
ing umt 3M based on a umt position correction signal Sm
from the control section 15. A correction section 5C has been
mounted to the writing unit 3C for the color C, and this adjusts
the inclination of the horizontal position of that writing unit
3C based on a unit position correction signal Sc from the
control section 15 (partial lateral magnification correction
processing).

In the calculation of the amount of color misregistration in
this example, the register mark CR for the color BK 1s being,
taken as the reference. This 1s for adjusting the writing posi-
tions of the color images of the colors Y, M, and C to that of the
color BK. For example, for adjustment of the writing position
of the colorY image, the position of writing the register mark
CR for the color BK and the position of writing the register
mark CR for the color Y are detected, and the correction
amount for that 1s calculated from the amount of displace-
ment between the position of writing the register mark CR for
the color Y and the position of writing the register mark CR
for the color BK. In a similar manner, the even for adjustment
of the writing positions of 1images of the colors M and C, the
displacements between the position of writing the register
mark CR for the color BK and the positions of writing the
register marks CR for the colors M and C are detected respec-
tively, and the respective correction amounts for them are
calculated from these amounts of displacement. After that,
the positions of forming the 1mages of the colors Y, M, and C
are adjusted.

FIG. 7 1s a schematic diagram showing an example of a
configuration of the writing unit 3Y and a skew adjustment
section 9Y {for the colorY. The writing unit 3Y for the colorY
shown 1n FIG. 7 has a semiconductor laser light source 31, a
collimator lens 32, an auxiliary lens 33, a polygon mirror 34,
a polygon motor 35, an 1{.theta.) lens 36, a CY1 lens 37 for
mirror surface image focusing, a CY?2 lens 38 for drum sur-

face 1image focusing, a retlecting plate 39, a polygon motor
drive board 45, and an LD drive board 46.

The semiconductor laser light source 31 1s connected to the
LD drive board 46 for the color Y. The write data Wy from the
writing unit 3Y 1s supplied to the LD drive board 46. When the
color misregistration complex correction mode 1s selected,
the write data Wy=1mage data Dy+image data Dy’ 1s output to
the writing unit 3Y. When the color misregistration single
correction mode 1s selected, the write data Wy=image data
Dy' 1s output to the writing unit 3Y. In the LD drive board 46,
the write data Wy 1s PWM modulated, and a laser drive signal
SLy with a prescribed pulse width after PWM modulation 1s
output to the semiconductor laser light source 31. In the
semiconductor laser light source 31, laser light 1s generated
based on the laser drive signal SLy for the color Y. The laser
light emitted from the semiconductor laser light source 31 1s
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formed into a prescribed beam of light by the collimator lens
32, auxihary lens 33, and the CY1 lens 37.

This light beam 1s deflected along the main scanming direc-
tion by the polygon mirror 34. For example, the polygon
mirror 34 1s driven by the polygon motor 35. The polygon
motor drive board 45 1s connected to the polygon motor 35,
and aY polygon clock CLK 1is supplied to the polygon motor
drive board 45 from the control section 15 described earlier.
Based on the Y polygon clock CLK, the polygon motor drive
board 45 rotates the polygon mirror 34 at a prescribed rota-
tional speed. The light beam detflected by the polygon mirror
34 1s focused on the photoreceptor drum 1Y by the 1(0) lens
36 and the CY2 lens 38. Because of this operation, the register
marks CR for color misregistration correction are formed in
the non-image areas at the left and rnight end parts of the
photoreceptor drum 1Y during the color misregistration com-
plex correction mode, and an electrostatic latent image of the
original document 1image 1s formed 1n the 1mage area.

The skew adjustment section 9Y 1s provided 1n this writing
unit 3Y. The skew adjustment section 9Y 1s installed in the
main unit section. The retlecting plate 39 1s provided 1n this
main unit section, and at a position directly opposite this
reflecting plate 39 1s installed a laser index sensor 49. The
laser index sensor 49 detects the beam of light that 1s detlected
by the polygon mirror 34, and outputs the Y-index signal to
the control section 15.

The skew adjustment section 9Y has an adjustment gear
unmt 41 and a motor 42 for adjustment. The CY2 lens 38 1s
mounted on the adjustment gear unit 41. The adjustment gear
unit 41 1s mounted so that 1t 1s free to move with respect to the
CY2 lens 38. Using the motor 42 for adjustment, the adjust-
ment gear unit 41 1s adjusted by moving 1n the vertical direc-
tion based on a skew adjustment signal SSy. However, the
explanations of the examples of configurations of the writing
units 3M, 3C, and 3K and their skew adjustment sections will
be omitted here.

The calculation of the amount of displacement in this
example 1s made taking the register mark CR for the color BK
as the reference. This 1s for adjusting so that the writing
positions of the color images of the colors Y, M, and C to
match with that of the color BK. The contents of the correc-
tion processings are, for example, those given 1in items 1 to v
below. Among the contents of the correction processing, the
items 1 to 111 are realized by correcting the 1image data, and 1v
and v are realized by driving the motor 42, actually, adjusted
by driving the writing units 3Y, 3M, 3C, and 3K.

(1). Main Scanning Correction Processing

This processing 1s that of correcting so as to make i1dentical
the starting positions along the main scanning direction of
writing the color images of the colors Y, M, C, and BK. For
example, regarding correcting the position of writing for the
color Y, from the image detection data Dpl and Dp2 of the
register mark CR of the color BK and the image detection data
Dpl and Dp2 of the register mark CR of the color Y, the
amount of displacement of the position along the main scan-
ning direction of the color Y with respect to the color BK 1s
obtained, and the correction amount 1s obtained from the
position displacement amount obtained here. Based on this
correction amount, the writing timing along the main scan-
ning direction 1s adjusted for the colors Y, M, and C so that the
writing positions of the colors Y, M, and C are identical to the
writing position of the color BK.

(11). Sub Scanning Correction Processing,

This processing 1s that of correcting so as to make 1dentical
the starting positions along the sub scanning direction of
writing the color images of the colors Y, M, C, and BK. For
example, regarding correcting the position of writing for the
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color Y, from the image detection data Dpl and Dp2 of the
register mark CR ofthe color BK and the image detection data
Dpl and Dp2 of the register mark CR of the color Y, the
amount ol displacement of the position along the sub scan-
ning direction of the color Y with respect to the color BK 1s
obtained, and the correction amount 1s obtained from the
position displacement amount obtained here. Based on this
correction amount, the writing timing along the sub scanning
direction 1s adjusted for the colors Y, M, and C so that the
writing positions of the colors Y, M, and C are identical to the
writing position of the color BK.

(111). Overall Lateral Magnification Correction Processing

This processing 1s that of aligning the overall image form-
ing positions of the color images of the colors Y, M, C, and
BK. For example, by adjusting the period of the image clock
signal, the timing of emission of laser light 1s adjusted, and
based on this adjustment, the total lateral magnification dis-
placement amount 1s corrected.

(1v). Partial Lateral Magnification Correction Processing,

This processing 1s that of adjusting the inclinations of the
horizontal positions of each of the writing units 3Y, 3M, 3C,
and 3K. For example, one side along the horizontal direction
of the writing unit 3Y 1s fixed to the main unit section while
the other side 1s made movable, and, using the correction
section SY forthecolorY shown in FIG. 6, a motor not shown
in the figure 1s rotated based on the position correction signal
Sy thereby driving the adjustment gear unit 41, thereby
adjusting the inclination 1n the X-Y (horizontal) direction of
the writing unit 3Y. This 1s for adjusting the inclination of the
horizontal position of the writing unit 3Y with respect to the
photoreceptor drum 1Y. Similar processing 1s done also 1n the
other 1mage forming units 10M and 10C.

(v). Skew Correction Processing

This processing 1s the correction of adjusting the inclina-
tions of the vertical positions of the CY2 lens 38 inside each
of the writing units 3Y, 3M, 3C, and 3K. For example, one
side of the CY 2 lens 38 1s supported 1n a fixed manner by the
writing unit 3Y and the other side 1s made free to move up and
down, the motor 42 1n the skew adjustment section 9Y for the
color Y shown in FIG. 7 drives the adjustment gear unit 41
based on the skew adjustment signal SSy, thereby the CY?2
lens 38 1s adjusted by moving 1n the vertical direction. This 1s
for adjusting the inclination of the vertical position of the
CY2 lens 38 with respect to the photoreceptor drum 1Y.
Similar processing 1s done also in the other image forming
units 10M and 10C.

FIG. 8 1s a block diagram supplementing the example of

configuration of the control system of the color copying
machine 100. The color copying machine 100 shown in FIG.
8 has a transfer sheet width sensor 11, two register sensors
12A and 12B, a nonvolatile memory 14, a control section 15,
an operation section 16, and a display section 18. The control
section 13, for example, has A/D converters 13A to 13C, a
correction amount calculating section 51, a main scanning
start timing controller 52, a sub scanning start timing control-
ler 53, a pixel clock cycle controller 54, a writing unit drive
section 55, an image forming unit drive section 56, and a CPU
57.

The transfer sheet width sensor 11 1s connected to the A/D
converter 13C. In the A/D converter 13C, during the color
misregistration complex correction mode or during the color
misregistration single correction mode, the transier sheet
width data D1 1s output after A/D converting and binarizing,
the transfer sheet width signal S1 output from the transier
sheet width sensor 11.

The register sensor 12A 1s connected to the A/D converter
13A. Inthe A/D converter 13 A, during the color misregistra-
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tion complex correction mode or during the color misregis-
tration single correction mode, the image detection data Dpl
1s output aiter A/D converting and binarizing the image detec-
tion signal S21 output from the register sensor 12A.

The register sensor 12B 1s connected to the A/D converter
13B. In the A/D converter 13B, during the color misregistra-
tion complex correction mode or during the color misregis-
tration single correction mode, the image detection data Dp2
1s output after A/D converting and binarizing the image detec-
tion signal S22 output from the register sensor 12B. The A/D
converters 13A to 13D are connected to the nonvolatile
memory 14.

In the nonvolatile memory 14, apart from the transfer sheet
width data D1, the image detection data Dpl and Dp2, the
color misregistration correction data De, are stored the
clapsed time information D[T1], D[T2], D[T3], and D[T4],
and the like.

The nonvolatile memory 14 1s connected to the correction
amount calculating section 51 and the CPU §7. The correc-
tion amount calculating section 51 is configured to have a
main scanning correction amount calculation section 511, a
sub scanning correction amount calculation section 512, a
total lateral magnification correction amount calculation sec-
tion 513, a partial lateral magnification correction amount
calculation section 514, and a skew correction amount calcu-
lation section 315. In the correction amount calculating sec-
tion 51, during the color misregistration complex correction
mode or the color misregistration single correction mode, the
image detection data Dpl and Dp2 are read out from the
nonvolatile memory 14, the displacement amounts for each of
the different error causes (main scanmng, total lateral mag-
nification, partial lateral magnification, skew) are calculated
based on these 1image detection data Dpl and Dp2, and the
correction amounts are obtained for each of the different error
causes Irom these calculated displacement amounts.

For example, 1n the main scanning correction amount cal-
culation section 511, the position displacement amount in the
main scanning direction 1s calculated by reading the image
detection data Dpl and Dp2 from the nonvolatile memory 14,
and timing control data D11 1s output for adjusting the timing
of starting to write 1n the main scanning direction in order to
climinate this position displacement amount. Using this tim-
ing control data D11, the position displacement in the main
scanning direction 1s corrected.

In the sub scanning correction amount calculation section
512, the position displacement amount 1n the sub scanning
direction 1s calculated by reading the image detection data
Dpl and Dp2 from the nonvolatile memory 14, and timing
control data D12 1s output for adjusting the timing of starting
to write 1n the sub scanming direction 1n order to eliminate this
position displacement amount. Using this timing control data
D12, the position displacement in the sub scanning direction
1s corrected.

In the total lateral magnification correction amount calcu-
lation section 513, the total lateral magnification displace-
ment amount 1s calculated by reading the 1image detection
data Dp1 and Dp2 from the nonvolatile memory 14, and clock
control data D13 1s output for adjusting the frequency of the
pixel clock signal 1n order to eliminate this total lateral mag-
nification displacement amount. It 1s possible to correct the
total lateral magnification displacement using this clock con-
trol data D13.

In the partial lateral magnification correction amount cal-
culation section 514, the partial lateral magnification dis-
placement amount 1s calculated by reading the 1mage detec-
tion data Dp1 and Dp2 from the nonvolatile memory 14, and
unit control data D14 1s output for adjusting the inclination in
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the horizontal direction of the writing unit 3Y 1n order to
climinate this partial lateral magnification shift amount. It 1s
possible to correct the partial lateral magnification shift using
this unit control data D14.

In the skew correction amount calculation section 515, the
skew shiit amount 1s calculated by reading the image detec-
tion data Dpl and Dp2 from the nonvolatile memory 14, and
skew control data D13 1s output for adjusting the inclination
in the vertical direction of the writing unit 3Y 1n order to
climinate this skew shift amount. It 1s possible to correct the
skew shiit using this skew control data D15.

FI1G. 9 1s a diagram showing an example of the relationship
between the register mark CR and the register sensor 12A for
color misregistration correction.

The register mark CR shown 1n FIG. 9 1s applied during the
color misregistration complex correction mode or during the
color misregistration single correction mode, and has a line
segment that 1s parallel to the main scanming direction and a
line segment that has an angle of 0=45° to the main scanning
direction. It can be described that the register mark CR 1s
configured 1n the shape of a sawtooth. The register mark CR
1s written so that 1ts central point e coincides with the position
of incidence of the spot diameter of the register sensor 12A.
The CPU 57 shown 1n FIG. 8 controls the image forming units
10Y, 10M, 10C, and 10K so that the register mark CR 1s
formed on the intermediate 1mage transier belt 6.

In this example, from the central point ¢ of the line part that
1s parallel to the main scanning direction, when an additional
line 1s drawn that 1s parallel to the sub scanning direction and
the point of intersection between this additional line and the
line having the 45° angle 1s taken as the point 1, the length of
the line segment between these two points € and 1 1s taken as
Lb. In this example, by calculating the length Lb of the line
segment between the points e and 1 from the difference 1n the
detection timings of the point ¢ and point 1 of the register mark
CR, 1t 15 possible to detect the position displacement 1n the
main scanning direction of the register mark CR for color
misregistration correction with respect to the detection points
of the register sensors 12A and 12B.

The image forming positions of the colors Y, M, and C are
corrected by detecting the register marks CR for color mis-
registration correction using the register sensors 12A and
12B, and calculating the amount of color misregistration of
the register marks CR of each color with respect to the image
forming position. This correction 1s for correcting the image
data Dy, Dm, Dc, and Dk for forming the color image 1n the
next transier sheet P in the image forming system after
executing the color misregistration correction mode, and to
superimpose the color images with a good accuracy based on
this color misregistration correction.

FIG. 10(A) to FIG. 10(H) are diagrams showing examples
of binarizing an 1mage detection signal S21 1n the register
sensor 12A.

The register sensor 12A shown 1n FIG. 10(A) outputs the
image detection signal S21 by detecting edges of the straight
line segment (1) and the inclined line segment (11) 1n the figure
of the register mark CR. In this example, the angle 0 of the
sawtooth shape of the register mark CR 1s 45°. The interme-
diate 1mage transier belt 6 moves 1n the sub scanning direc-
tion at a constant speed. In the register sensor 12A, light 1s
emitted towards the register mark CR from a light emitting
device not shown 1n the figure, and the light reflected from 1t
1s detected by a light receiving device.

The 1image detection signal S21 shown 1 FIG. 10(B) 1s
obtained from the register sensor 12A, and 1n this image
detection signal S21, L1 1s the belt (surface) detection level.
Lth 1s the threshold value for binarizing the image detection
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signal S21, and L2 1s the mark detection level for the register
mark CR. The point a 1s the point at which the leading edge of
the straight line part (1) of the register mark CR 1s detected by
the register sensor 12A and that image detection signal S21
has crossed the threshold value Lth, and gives the leading
edge detection 1nstant of time ta. At this leading edge detec-
tion mstant of time ta, the first passing timing pulse signal Sp
shown 1n FIG. 10(D) rises.

The point b 1s the point at which the trailing edge of the
straight line part (1) of the register mark CR 1s detected 1n a
similar manner and that image detection signal S21 has
crossed the threshold value Lth, and gives the trailing edge
detection 1nstant of time tb. At this trailing edge detection
instant of time tb, the passing timing pulse signal Sp shown 1n
FIG. 10(D) falls.

In a similar manner, the point ¢ 1s the point at which the
leading edge of the inclined line part (11) of the register mark
CR 1s detected by the register sensor 12A and that image
detection signal S21 has crossed the threshold value Lth, and
gives the leading edge detection instant of time tc. At this
leading edge detection instant of time tc, the second passing
timing pulse signal Sp shown in FIG. 10(D) rises.

The point d 1s the point at which the trailing edge of the
inclined line part (11) of the register mark CR 1s detected 1n a
similar manner and that image detection signal S21 has
crossed the threshold value Lth, and gives the trailing edge
detection instant of time td. At this trailing edge detection
instant of time td, the passing timing pulse signal Sp shown 1n
FIG. 10(D) falls. The passing timing pulse Sp after this bina-
rizing becomes the 1mage detection data Dp. The image
detection data Dp 1s used for calculating the amounts of shifts
of the positions of writing the'Y, M, and C colors with respect
to the writing position of the register mark CR of the color
BK.

The mark width 1n the sub scanning direction of the straight
line part (1) of the register mark CR 1s obtained, when the
intermediate 1mage transfer belt 6 1s moving at a constant
speed 1n the sub scanning direction, based on the passing time
12 shown in FIG. 10(F) and the passing time T1 shown 1n
FIG. 10(E). The passing time T1 1s obtained from a counter
not shown 1n the figure and which 1s started when the write
start signal (VTOP signal) has risen at the instant of time t0
indicated in FIG. 10(C), and thereatter, the number of pulses
of the reference clock signal are counted, and when the lead-
ing edge detection instant of time ta comes, the output of this
counter becomes the passing time information D[T1].

The VTOP signal 1s the signal that permits writing of the
register mark CR onthe photoreceptor drums 1Y, 1M, 1C, and
1K (the image edge signal). In a stmilar manner, the passing
time T2 1s the output value of the counter when the counter
continues to count further and outputs the passing time infor-
mation D[12] when the trailing edge detection instant of time
tb comes. These passing time mformation D[T1] and D[T2]
are stored 1n the nonvolatile memory 14.

At the time of calculating the color misregistration, the
passing time information D[ T1] and D[T2] are read out from
the nonvolatile memory 14. In the control section 15, the
width of the mark 1n the sub scanning direction of the straight
line part (1) of the register mark CR 1s computed from (12-11)
based on these passing time information D[1T1] and D[T2].

Further, the mark width 1n the sub scanning direction of the
inclined line part (1) of the register mark CR 1s obtained, 1n a
similar manner, from the passing time 14 shown in FIG.
10(H) and the passing time T3 shown in FIG. 10(G). The
passing time 13 1s obtained from a counter not shown 1n the
figure and which 1s started when the VTOP signal has risen at
the 1nstant of time t0 1ndicated 1n FIG. 10(C), and thereatter,
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the number of pulses of the reference clock signal are
counted, and when the leading edge detection 1nstant of time
tc comes, the output of this counter becomes the passing time
information D[ T3].

In a similar manner, the passing time T4 1s the output value
ol the counter when the counter continues to count further and
outputs the passing time information D[ T4] when the trailing
edge detection instant of time tb comes. These passing time
information DJ[T3] and D|[T4] are stored in the nonvolatile
memory 14.

At the time of calculating the color misregistration, the
passing time imnformation D[ T3] and D[14] are read out from
the nonvolatile memory 14. In the control section 15, the
width of the mark 1n the sub scanning direction of the inclined
line part (ii) of the register mark CR is computed from v2-
(T4-T3)/2 based on these passing time information D[T3]
and D[T4]. The information obtained after these calculations
becomes the color misregistration correction data. Further,
since even the register sensor 12B has similar functions, its
explanations will be omitted here.

Next, an example of operation of the color copying
machine 1s explained here. FIG. 11 1s a flow chart showing an
example of the correction operation of the color copying
machine 100 as a preferred embodiment. In this preferred
embodiment, the color misregistration correction timing 1s
made to change (varied) based on the transter sheet size of the
selected transier sheet P. For example, the control section 15,
selects one of the color misregistration complex correction
mode or the color misregistration single correction mode
based on the transter sheet width data D1. In this example, the
control section 15 executes the color misregistration correc-
tion processing for each transier sheet.

With these as the operating conditions, 1 Step ST1 1n the
flow chart shown in FIG. 11, the control section 15 judges
whether or not the color misregistration correction detection
timing has come. The judgment criterion at this time 1s that
the color misregistration correction processing 1s executed
when the fixing temperature of the fixing unit 17 has changed
and the temperature difference, for example, has become A2°
C. higher or lower compared to the previous temperature
detection value, when the 1mage forming units 10Y, 10M,
10C, and 10K have stopped for a specific period of time, when
the main power supply 1s turned ON, or when a forcible
correction instruction i1s given by the user.

When 1t 15 judged that the color misregistration correction
detection timing has come, the operation proceeds to Step
ST2 and the control section 15 judges whether or not the size
of the transfer sheet P 1s within the specified range. At this
time, the transfer sheet width sensor 11 detects the width
Wmax of the transfer sheet P fed to the image transfer system
I and outputs the transfer sheet width signal S1 (transfer sheet
width information) to the control section 15. In the control
section 15, the width Wmax of the transter sheet P 1s detected
based on the transter sheet width data D1 which 1s obtained by
analog to digital conversion of the transfer sheet width signal
S1 output from the transier sheet width sensor 11.

After that, the control section 15 compares the 1mage area
width information Dw with the transfer sheet width data D1,
and, 1f the width Wmax of the transtfer sheet P 1s smaller than
the width W1 of the image area, 1t selects the color misregis-
tration complex correction mode, or selects the color misreg-
istration single correction mode if the width Wmax of the
transier sheet P 1s larger than the width W1 of the image area.

If the transfer sheet size 1s within the specified range, in
order to execute the color misregistration complex correction
mode, the operation changes to Step ST3 1n which the pro-
cessing ol writing the register marks CR (marks for color
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misregistration detection) in the non-image areas (outside the
image area) of width W21 and W2r. In the color misregistra-
tion complex correction mode, the control section 135
executes simultaneously the processing of writing the 1mage
in the 1image area of width W1 and the processing of writing
the register marks CR 1n the non-image areas.

For example, the write data Wy=image data Dy+image
data Dy' 1s output to the write unit 3Y. In other words, the
image data Dy of normal image formation that has to be
written in the image area of width W1 and the image data Dy
for color misregistration correction to be written in the non-
image areas ol widths W21 and W2r on 1ts two sides are
synthesized 1n a serial manner in the Y-signal processing
section 72Y and are output to the writing unit 3Y.

In the writing unit 3Y, control 1s carried out by the control
section 15 so that the register marks CR for color misregis-
tration correction are formed on the intermediate image trans-
fer belt 6 via the photoreceptor drum 1Y. Even 1n the other
writing units 3M, 3C, and 3K, control 1s carried out by the
control section 135 so that the register marks CR for color
misregistration correction are formed on the intermediate
image transier belt 6 via the photoreceptor drums 1M, 1C, and
1K.

After that, 1n Step ST4, the register sensors 12A and 12B
detect the color misregistration, and the control section 15
calculates the amounts of color misregistration. For example,
at the time of detecting the mark width of the register marks
CR formed on the intermediate 1image transier belt 6, the
control section 15 detects the instant of time of detecting the
leading edge and the 1nstant of time of detecting the trailing
edge of the register marks CR on the intermediate image
transier belt 6 taking as reference the write start signal (here-
inafter referred to as the VI'OP signal) that permits the start-
ing ol writing the register mark CR to the photoreceptor
drums 1Y, 1M, 1C, or 1K, and calculates the color misregis-
tration correction data De based on the instant of time of
detecting the leading edge and the mstant of time of detecting
the trailing edge of the register marks CR (see FIG. 10).

Next, in Step ST3, the calculated result 1s fed back to the
writing timing of the transier sheet P of the next page. At this
time, the CPU 57, according to the correction amounts for
cach error cause, adjusts the write start timing for the colors ',
M, and C, the CLK {frequency, the horizontal and vertical
inclinations. For example, the CPU 57 outputs the timing
control data D11 prepared in the main scanning correction
amount calculation section 511 to the main scanning start
timing controller 52. In the main scanning start timing con-
troller 52, the operation 1s made to adjust the write starting
timing 1n the main scanning direction so as to eliminate the
position displacement amount 1n the main scanning direction
based on the timing control data D11.

Further, the CPU 57 outputs the timing control data D12
prepared 1n the sub scanning correction amount calculation
section 512 to the sub scanning start timing controller 53. In
the sub scanning start timing controller 53, the operation 1s
made to adjust the write starting timing 1n the sub scanning
direction so as to eliminate the position displacement amount

in the sub scanning direction based on the timing control data
D12.

Further, the CPU 57 outputs the clock control data D13
prepared in the total lateral magnification correction amount
calculation section 513 to the pixel clock frequency controller
54. In the pixel clock frequency controller 54, the operation 1s
made so as to correct the total lateral magnification shift
amount based on the clock control data D13.

Further, the CPU 57 outputs the unit control data D14
prepared in the partial lateral magnification correction
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amount calculation section 514 to the writing unit drive sec-
tion 55. In the writing unit drive section 55, the operation 1s
made so as to correct the partial lateral magnification shift
amount based on the unit control data D14. In addition, the
CPU 57 outputs the skew control data D15 prepared 1n the
skew correction amount calculation section 513 to the image
forming unit drive section 36. In the image forming unit drive
section 36, operations are made so as to correct the skew shift
amount based on the skew control data D15. Because of this,
it 1s possible to execute the main scanning correction process-
ing, the sub scanning correction processing, the total lateral
magnification correction processing, the partial lateral mag-
nification correction processing, and the skew correction pro-
cessing (see FIG. 7).

After that, the operation moves on to Step ST6 in which a
judgment 1s made as to whether or not the color misregistra-
tion correction processing 1s to be ended. If the color misreg-
1stration correction processing has not been completed, the
operation returns to Step ST5 and the above operations are
repeated. In this example, the operation returns to Step ST1 11
the color misregistration correction operation 1s ended.

Further, if the transfer sheet size of the transfer sheet P 1n
Step ST2 above has exceeded the specified range, the opera-
tion moves to Step ST7 1 which the image writing (JOB:
printing operation) 1s halted, and the processing of writing,
individually only the register marks CR 1s executed without
carrying out the processing of 1mage writing in the image
area. In other words, in the color misregistration single cor-
rection mode, the processing of writing the image in the
image area of width W1 1s stopped and only the processing of
writing the register marks CR (marks for color misregistra-
tion detection) 1n the non-image areas (outside the image
area) of width W21 and W2r or 1n the image area of width W1
1s carried out.

For example, the control section 15 controls the 1mage
processing section 70 so that the write data Wy=image data
Dy’ 1s output to the writing umit 3Y. In this example, the image
data Dy for normal image forming to be written 1n the image
area ol width W1 1s saved in the memory, and only the image
data Dy' for color misregistration correction to be written 1n
the non-1mage area of widths W21 and W2r on the two edge
sides of the image area 1s selected by the Y-signal processing
section 72Y and 1s output to the writing unit 3y.

In the writing unit 3Y, control 1s carried out by the control
section 15 so that the register marks CR for color misregis-
tration correction are formed on the intermediate image trans-
ter belt 6 via the photoreceptor drum 1Y. Even 1n the other
writing units 3M, 3C, and 3K, in a similar manner, control 1s
carried out by the control section 15 so that the register marks
CR for color misregistration correction are formed on the
intermediate 1mage transier belt 6 via the photoreceptor
drums 1M, 1C, and 1K.

After that, in Step ST8, the color misregistration amount 1s
detected by the register sensors 12A and 12B, and the color
misregistration amounts are calculated (see Step ST4 above).
Next, the operation moves on to Step ST9 and a judgment 1s
made as to whether or not the color misregistration correction
operations have ended. I the color misregistration correction
processing has not been completed, the operation returns to
Step ST8 and the above operations are repeated. If the color
misregistration correction operation has ended, the printing,
operation 1s restarted (step ST10). After that, the operation
returns to Step S11.

In Step ST1, 11 the color misregistration correction timing,
has not been reached, the operation proceeds to Step ST11 in
which a judgment 1s made as to whether or not to end that
printing operation. If the printing operation 1s not to be ended,
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the operation returns to Step ST1. If the printing operation 1s
to be ended, the image forming processing 1n that color copy-
ing machine 100 1s terminated.

In this manner, according to the color copying machine 100
as a preferred embodiment, when carrying out color misreg-
istration correction processing by detecting register marks
CR for color misregistration correction, the transier sheet
width sensor 11 detects the width Wmax of the transier sheet
P fed to the image transier system I and outputs the transfer
sheet width data D1 to the control section 135. The control
section 135 controls the image forming units 10Y, 10M, 10C,
and 10K based on the transfer sheet width data D1 output
from the transfer sheet width sensor 11. At this time, the
control section 15 executes color misregistration correction
processing alter selecting one of the color misregistration
complex correction mode or the color misregistration single
correction mode based on the transier sheet width data D1.

As a consequence, 1f the width Wmax of the transfer sheet
P 1s smaller than the width W1 of the image area, it 1s possible
to select the color misregistration complex correction mode,
and 11 the width Wmax of the transier sheet. P 1s larger than
the width W1 of the image area, it 1s possible to select the
color misregistration single correction mode. Because of this,
since, 1n the case of the very frequently used transier sheets P
with smaller width than the width W1 of the image area, 1t 1s
possible, without having to unnecessarily widen the expos-
able width W0 1n the main scannming direction of the image
forming units 10Y, 10M, 10C, and 10K, to carry out in par-
allel the processing of writing the 1mage in the image area of
width W1 and the processing ol writing the register marks CR
in the non-1mage area of widths W21 and W2r, 1t 1s possible
to greatly reduce the time required for the color misregistra-
tion correction operation that 1s essential 1n a tandem type
color equipment.

In addition, 1n the case of the less frequently used transfer
sheets P! having a width larger than the width W1 of the image
area, since 1t possible to halt (interrupt) the processing (JOB)
of writing 1mages in the 1mage area of width W1 and to
execute only the processing of writing the register marks CR
in the non-1image area of widths W21 and W2r, 1t 1s possible,
on the whole, to reduce the time taken for color misregistra-
tion correction compared to the case of carrying out all in the
color misregistration single correction mode. In particular, 1n
olfice applications, 1t 1s possible to shorten the time taken for
color misregistration correction, and 1t has become possible
to improve the productivity of the color copying machine 100.

The present mvention 1s 1deally suitable for tandem type
color printers or color copying machines having photorecep-
tor drums and an intermediate 1mage transier belt, and also
capable of executing color misregistration correction pro-
cessing by selecting the color misregistration complex cor-
rection mode or the color misregistration single correction
mode.

What 1s claimed 1s:

1. A tandem type color image forming apparatus which
executes color misregistration correction processing by
detecting an imprint 1image for color misregistration correc-
tion, the color 1mage forming apparatus comprising:

an 1mage forming section;

a detecting section which detects a width of a transfer sheet
fed to the image forming section and outputs transier
sheet width information; and

a control section which controls the image forming section
based on the transfer sheet width information output by
the detecting section,

wherein the image forming section has an image carrier, on
which an 1mage area 1n which formed 1s an 1mage for
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transier to the transier sheet and a non-image area 1n
which formed 1s the imprint image for color misregis-
tration correction are arranged side by side along a main
scanning direction, and a scanning exposure width in the
main scanning direction 1s greater than a maximum
width of the transfer sheet,

wherein the control section selects either one of a color
misregistration complex correction mode or a color mis-
registration single correction mode based on the transier
sheet width information, and executes the color misreg-
1stration correction processing,

where, the color misregistration complex correction mode
1s an operation mode of executing 1n parallel a process-
ing of forming the image for transier 1n the 1mage area
and a processing of forming the imprint 1image in the
non-image area, and

the color misregistration single correction mode 1s an
operation of suspending the processing of forming the
image for transier in the 1image area, and executing only
the processing of forming the imprint image 1n the non-
image area or in the 1mage area.

2. The tandem type color image forming apparatus of claim
1, wherein the control section compares a width of the 1mage
area and a width of the transfer sheet, and selects the color
misregistration complex correction mode when the width of
the transfer sheet 1s not greater than the width of the image
area, and selects the color misregistration single correction
mode when the width of the transfer sheet 1s greater than the
width of the image area.

3. The tandem type color image forming apparatus of claim
1, wherein the color misregistration correction processing 1s
executed for each type including each size of the transfer
sheet.

4. The tandem type color image forming apparatus of claim
1, wherein the imprint 1mage comprises register marks of
respective colors including cyan, magenta, yellow, and black.

5. The tandem type color image forming apparatus of claim
4, wherein the non-1mage area comprises a first and a second
non-image area sandwiching the image area on the image
carrier, and at least one register mark of each color 1s formed
in each of the first and second non-image areas.

6. The tandem type color image forming apparatus of claim
4, further comprising a correction amount calculating section
which calculates a displacement amount between a position
of a black register mark and a position of each color register
mark of cyan, magenta and yellow, the position of the black
resister mark and the position of each color register mark
having been detected by the detecting section, and the cor-
rection amount calculating section calculates a color misreg-
istration correction amount for each color based on the dis-
placement amount.

7. The tandem type color image forming apparatus of claim
1, wherein the color misregistration correction processing
comprises at least one of a main scanning correction process-
ing, a sub scanning correction processing, an overall lateral
magnification correction processing, a partial lateral magni-
fication correction processing, and a skew correction process-
ng.

8. The tandem type color image forming apparatus of claim
1, wherein the imprint 1mage includes a sawtooth shaped
mark, which comprises a first line segment parallel to the
main scanmng direction and a second line segment connected
to one end of the first line segment, the second line segment
having a prescribed angle to the first line segment.

9. The tandem type color image forming apparatus of claim
8, the prescribed angle 1s approximately 45°.
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10. The tandem type color image forming apparatus of
claim 1, wherein the color misregistration correction process-
ing 1s executed when a main power source of the image
forming section 1s turned on after having been turned off for
a prescribed period.

11. A tandem type color image forming method for execut-
ing color misregistration correction processing by detecting
an 1mprint 1mage for color misregistration correction, the
color 1mage forming method comprising;:

a detecting step for detecting a width of a transier sheet fed
to an 1mage forming section of an 1image forming appa-
ratus, and outputting transier sheet width information;

a first image forming step for forming an image for transfer
onto a transfer sheet 1n an 1mage area on an 1mage
carrietr,

a second 1mage forming step for forming the imprint image
for color misregistration correction 1n the 1image area or
a non-image area on the image carrier, the non-image
area being arranged outside the 1mage area 1n a main
scanning direction; and

a controlling step for selecting either one of a color mis-
registration complex correction mode or a color misreg-
istration single correction mode based on the transfer
sheet width information, and for executing the color
misregistration correction processing,

where, the color misregistration complex correction mode
1s an operation mode of executing 1n parallel a process-
ing of forming the 1mage for transier in the 1image area
and a processing of forming the imprint 1image in the
non-image area, and

the color misregistration single correction mode 1s an
operation of suspending the processing of forming the
image for transfer in the image area, and executing only
the processing of forming the imprint image 1n the non-
image area or in the image area.

12. The tandem type color image forming method of claim
11, wherein 1n the controlling step compared are a width of
the image area and a width of the transier sheet, and selected
1s the color misregistration complex correction mode when
the width of the transfer sheet 1s not greater than the width of
the image area, and selected 1s the color misregistration single
correction mode when the width of the transfer sheet 1s
greater than the width of the image area.

13. The tandem type color image forming method of claim
11, wherein the color misregistration correction processing 1s
executed for each type including size of the transter sheet.

14. The tandem type color image forming method of claim
11, wherein the imprint 1mage comprises register marks of
respective colors including cyan, magenta, yellow, and black.

15. The tandem type color image forming method of claim
14, wherein the non-1image area comprises a first and a second
non-image area sandwiching the image area on the image
carrier, and at least one register mark of each color 1s formed
in each of the first and second non-image areas.

16. The tandem type color image forming method of claim
14, further comprising a correction amount calculating step 1n
which calculated 1s a displacement amount between a posi-
tion of a black register mark and a position of each color
register mark, each position of each color register mark hav-
ing been detected 1n the detecting step, and 1n the correction
amount calculating step calculated 1s a color misregistration
correction amount for each color based on the displacement
amount.

17. The tandem type color image forming method of claim
11, wherein the color misregistration correction processing
comprises at least one of a main scanning correction process-
ing, a sub scanning correction processing, an overall lateral
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magnification correction processing, a partial lateral magni-
fication correction processing, and a skew correction process-
ng.

18. The tandem type color image forming method of claim
11, wherein the imprint 1mage includes a sawtooth shaped
mark, which comprises a first line segment parallel to the
main scanmng direction and a second line segment connected
to one end of the first line segment, the second line segment
having a prescribed angle to the first line segment.

30

19. The tandem type color image forming method of claim
18, the prescribed angle 1s approximately 45°.

20. The tandem type color image forming method of claim
11, wherein the color misregistration correction processing 1s

5 executed when a main power source of the image forming

section 1s turned on after having been turned oif for a pre-
scribed period.
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